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résumé.— Gradients écologiques et structure du paysage affectant les densités saisonnières du 
Pigeon ramier Columba palumbus en zone côtière dans le Sud-Est de l’Espagne.— Le but de cet étude 
est d’identifier et d’évaluer le lien entre la densité de Pigeon ramier (Columba palumbus, Linnaeus, 1758) 
et différents gradients environnementaux, l’occupation du sol et la structure du paysage, en utilisant des 
outils issus des systèmes d’information géographiques et de la modélisation multivariée. Des transects 
(n = 396) ont été développés pour estimer la densité du Pigeon ramier dans la région de Marina Baja (Ali-
cante, Espagne) de 2006 à 2008. C’est en septembre-octobre que la densité de Pigeons ramiers était la plus 
élevée (1,28 oiseaux/10 ha) et en février-mars qu’elle était la plus basse (0,34 oiseaux/10 ha). En outre, il 
y avait plus de Pigeons ramiers dans les zones avec un thermotype mésoméditerranéen que dans celles de 
types thermoméditerranéen ou supraméditerranéen. Les densités les plus élevées ont été observées dans des 
zones intermédiaires par rapport à la côte et à l’arrière-pays. C’est dans une matrice paysagère naturelle, 
caractérisée par des densités variables de pins, qu’ont été observées les densités les plus fortes de l’espèce 
(1,53 individus/10 ha). Par conséquent, il est très important de conserver ces paysages traditionnels avec les 
stratégies de gestion adéquates afin de maintenir les populations de cette palombe. Ces espaces naturels sont 
des lieux semi-ouverts où les pigeons trouvent de la nourriture et peuvent surveiller la présence de préda-
teurs. Ainsi, cette étude permettra une connaissance plus précise des facteurs écologiques qui interviennent 
dans la répartition du Pigeon ramier en zone méditerranéenne.
summary.— The aim of the present study is to identify and evaluate the relationship between Wood-
pigeon (Columba palumbus, Linnaeus, 1758) density and different environmental gradients (thermotype, 
ombrotype, continentality and latitudinal), land use and landscape structure, using geographic information 
systems and multivariate modelling. Transects (n = 396) were developed to estimate the density of Wood-
pigeon in the Marina Baja (Alicante, Spain) from 2006 to 2008. The highest density for Woodpigeon was 
in September-October (1.28 birds/10 ha) and the lowest in February-March (0.34 birds/10 ha). Moreover, 
there were more Woodpigeons in areas with a mesomediterranean thermotype than in thermomediterranean 
or supramediterranean ones. There was greater density in the intermediate zones compared to the coast and 
interior. The natural or cultural landscape had the highest Woodpigeon density (1.53 birds/10 ha), with both 
dense and clear pine forest values standing out. Therefore, it is very important to conserve these traditional 
landscapes with adequate management strategies in order to maintain resident and transient Woodpigeon 
populations. These natural areas are open places where the Woodpigeons find food and detect the presence of 
predators. Thus, this study will enable more precise knowledge of the ecological factors (habitat variables) 
that intervene in the distribution of Woodpigeon populations and their density.
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The Woodpigeon (Columba palumbus) is a forest bird, which accommodates well to defo-
rested agricultural environments (Larruy & Burgas, 2004). This species is present in large 
numbers in several European countries, having important demographic changes (Inglis et al., 
1990; Slater, 2001). This pigeon has a broad Palaearctic distribution, covering most of Europe 
and from North Africa to Central Asia (Cramp, 1985). C. p. palumbus is the subspecies that 
is distributed throughout the Iberian Peninsula and Baleares (Baptista et al., 1997). In Spain, 
the breeding population occupies almost the entire Spanish territory, with the exception of the 
Canary Islands and Melilla. In this way, the highest wintering abundance in Spain is related to 
the cork oak pasturelands availability, increasing from NE to SW (Bea et al., 2003).
The breeding population ranges between 7,900,000-15,000,000 pairs in Europe (BirdLife 
International / EBCC, 2000). It has been estimated that 220,000 breeding pairs live in Spain 
and between 5 and 6 million pigeons from central and northern Europe arrive to the main 
Spanish wintering area located in the south-western part of this country (Purroy, 1997). Regio-
nal studies estimated the pigeon population in Catalonia (N-E Spain) between 198,729 and 
275,576 breeding pairs, suggesting an underestimation in its breeding abundance in Spain 
(Larruy & Burgas, 2004). The current status and the absence of defined environmental pro-
blems of their populations lead us to consider this species as being in an acceptable state of 
conservation (Bea, 2004).
Iberian woodpigeons are generally sedentary, although there are movements of native 
birds during the winter, from the Duero basin to the south-west of Spain (Gallego, 1985). 
The Iberian population increases in autumn-winter, due to the arrival of a large migratory 
contingent from Central Europe, Scandinavia, Poland, Russia and the Baltic countries. This 
migratory population crosses the Pyrenees in autumn and its prenuptial return is in February 
and March (Bernis, 1967; Purroy, 1987).
This species has been studied for decades and has standardized monitoring programs with 
large data sets. This monitoring has allowed a good knowledge of its populations in south-wes-
tern Europe, particularly in the main wintering area of south-west France and the south-west of 
the Iberian Peninsula (Bea, 2003, 2004). In contrast, the south-eastern Spanish populations are 
the least known (López et al., 1992).
As for birds, climatic gradients, especially temperature and humidity, can act as limi-
ting factors, directly through physiological pressures or indirectly through the distribution and 
availability of food resources (Vickery et al., 2009). In general, the relationship between envi-
ronmental factors and species distribution are limited to regional scale works (Bustamante et 
al., 1988), there also is a huge body of literature on large scale drivers of bird distributions 
(Newton, 1998; Gaston & Blackburn, 2000). Our study aims to detect the pattern in the distri-
bution of this bird in a Mediterranean area and to identify environmental factors that best relate 
to this pattern of distribution.
Several studies have shown a strong relationship between landscape composition and 
habitat fragmentation in the abundance of birds (Bolger et al., 1997; Berg, 2002; Fahrig, 2003). 
In recent decades, the development of landscape ecology, the processes of modelling and geo-
graphic information systems, allow research into the links between bird density, land use and 
structural landscape elements (Fahrig, 2007; Marja, 2008). Biodiversity in agricultural lands-
capes can be increased with conversion of some production lands into more natural / unma-
naged or extensively managed lands. However, it remains unknown to what extent biodiver-
sity can be enhanced by altering landscape pattern without reducing agricultural production 
(Fahrig et al., 2011). In Mediterranean agro-ecosystems, cultivated areas support the highest 
bird richness and abundance that increase with patch size of the cultivated areas (Farina, 1997). 
The main specific objectives of this study were to test for potential relations of Woodpi-
geon densities to:
— On the one hand: landscape types characterized by thermotypes, ombrotypes, North-
South continentality gradients, landscape matrix; and different landscape indices. 
— On the other hand: at two temporal scales (year or seasons), and at two spatial scales 
(transect, home range). 
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matErIaLs and mEtHods
study arEa
The region of the Marina Baja is located in the southeast of the Iberian Peninsula, in the province of Alicante 
(Fig. 1). There are 18 municipalities, its area covers 580 km2 and it is divided into two sectors: a mountainous area 
and a coastal area. Altitudes range from sea level to 1,588 m. It should be noted that the resources provided by this 
river system (Algar-Guadalest), supply most of the required water resources for this region (Solanas & Crespo, 2001). 
The Marina Baja has a semiarid-dry Mediterranean climate, with moderate temperatures, a long dry period during the 
summer months and rainfall that is concentrated in the spring and autumn seasons (Mas, 1993).
The territory is a good representation of the cultural landscapes in the Alicante province, from the mountains to 
the coast, including pieces of padded and thorny oromediterranean vegetation, deciduous forest interspersed between 
sclerophyll forests, pine forests, thermophilic garrigues, salt and semi-arid steppe communities (Belda et al., 2011). 
This natural vegetation is the dominant landscape matrix in the region of the Marina Baja, 54.95 % of the surface area 
(31,717 ha). This is followed by the categories of irrigated (15.09 %), abandoned (10.81 %) and dryland (9.94 %) farming, 
and urban land (9.21 %). According to the Rivas-Martínez & Usandizaga (2004) classification, the plant communities 
of the region belong to the following thermotypes: upper and lower thermomediterranean, mesomediterranean and 
supramediterranean. The thermomediterranean type (22,372.71 ha) runs parallel to the coast, the mesomediterranean 
(30,047.64 ha) coincides with the next belt towards the interior. The suprameditarreanean, with a lower surface area 
(4,987.32 ha), is found in the areas that are furthest away from the coast and coincides with the mountainous zones. The 
ombrotype coincides to a great extent with the north-south stratification, with the north of the region coinciding with the 
upper dry (13,422 ha), the intermediate area with the lower dry, and the south with the upper semiarid (16,620 ha). The 
degree of human land occupation decreases from the coast to the inland zones of this region. The coastal area is the most 
built-up and its human population density is the greatest (8.46 hab/ha). The intermediate area is less built-up (1.21 hab/
ha), of a more dispersed type and the interior of the region is the least populated and urbanized (0.14 hab/ha). Currently, 
the dominance of the natural matrix highlights the general distribution of land use; irrigated crops, abandoned crops, dry 
crops and finally urban areas are less important (Arques et al., 2009; Belda et al., 2011).
Figure 1.— Study area with the spatial locations of the transect counts (white dots).
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WoodpIgEon dEnsItIEs
The relative abundance of woodpigeons has been obtained by using stratified transects (Tellería, 1986), 1,000 m long 
(n=44) and 100 m count band (50 m each side), by sampling at dawn and dusk. Sampling transects were chosen at random, 
taking into account the typology of the landscape. Thus, transects were settled into homogeneous habitats according to their 
landscape matrix, differentiating four basic kinds: natural, abandonment, irrigation or dry (Jiménez-García, 2007).
The average time to sample each transect was 20 minutes. There were three sampling periods without overlapping 
in each year (2006-2008): post-hunting or pre-reproductive (February-March), reproductive (May-June) and post-
reproductive or pre-hunting (September-October), for a period of three years, with a total of 396 transects.
Woodpigeon density was determined with the line transect method (Palgren, 1930; Merikallio, 1958; Buckland 
et al., 2001), whose density equation is defined as D = N / (2·WL), where L is the length of the line of progression 
(1,000 m) and W is the width of the band, count set to take into account the detectability of the species at 100 m, 
considering the same probability of detection in the all land use patterns. Average density was calculated for each study 
period. Thus, the average density from February to March is the average of this period over three years of study. We 
proceeded similarly to calculate averages for the periods from May to June and September-October. We also calculated 
an average density that included the mean annual densities of the three years studied.
EnvIronmEntaL gradIEnts and LandscapE matrIX
A GPS Trimble XM® was used in the field to plot the location of sampling points and detected contacts. Differential 
corrections were performed with GPS Pathfinder Office® software, and exported to ArcGIS 9.2®. Transects were 
located along various environmental gradients (thermotype, ombrotype, urbanization level in a continental cline), 
including the land use categories (natural, abandonment, dry and irrigated crops) that form the landscape matrix.
The classification according to thermotype was based on the magnitude of the thermoclimatic index (It, Rivas-
Martínez, 1983), and differentiated transects in three categories: supramediterranean (T 8 ºC to 13 ºC, m – 4 ºC to -1 ºC, 
M 3 ºC to 8 ºC, It 70 to 200), mesomediterranean (T 13 ºC to 17 ºC, m-1 ºC to 5 ºC F 8 ºC to 14 ºC, It 200 to 360), and 
thermomediterranean (T 17 ºC to 19 ºC, m 5 ºC to 10 ºC, M 14 ºC to 18 ºC, It 360 to 470). Thermoclimatic symbols 
represent T = mean annual temperature, m = average minimum temperature of the coldest month, and M = average 
maximum temperature of the coldest month and It = (T + m + M) 10. 
Ombrotype classification was carried out with the annual ombrothermic index (Io). According to this classification 
three ombrotypes can be distinguished in the study area: upper semiarid (SAS), where Io takes values between 1.5 and 
2.0, lower dry (SEI, Io: 2.0 - 2.8) and upper dry (SES, Io: 2.8 - 3.6) (Rivas-Martínez, 1983). 
For the classification based on the north-south gradient, we proceeded to the differentiation of three zones: south, 
intermediate and north (with 9,714.09 m wide strips), depending on their geographical location. In respect to the 
continentality gradient, considering urban density, three areas have been established (with 8,292.26 m wide strips): 
coast (0.250 urban ha/ total ha), intermediate (0.033 urban ha/ total ha) and interior (0.030 urban ha/ total ha).
muLtIscaLE anaLysIs
Analyses were performed at two different scales to relate landscape structure with the distribution of this species. First, 
according to the limits of the census band, setting a buffer of 50 m on each side of the transect lines (1,000 m), according to 
Telleria (1986) method. The second scale used was the home range extension or life domain, obtained for the woodpigeon 
values in previous studies (Haynes et al., 2003). Densities are extrapolated through proportional multiplication of transect-
level densities. Thus, the estimated home range, using the centroid of the transect, for the summer period is 254 ha for adult 
individuals and 294 ha for juveniles. There is another vital domain for the autumn with 628 ha for adults and 1,283 ha for 
juveniles. In our work, we calculate the average of the home range of juveniles and adults, because our census method did 
not differentiate young or adults. Thus, we have obtained a home range for February-March of 995 ha ((1,283 + 628) ha / 
2) and another for the periods from May-June and September-October of 274 ha ((254 + 294) ha / 2). 
Annual density average has been related to land use and landscape structure only on the scale of census (10 ha = 
1,000 m long x 100 m width for each transect). The average densities for each yearly period were analysed at the census 
and home range for each specific period as mentioned above. 
anaLysIs oF Land usE and LandscapE structurE
Land use maps were obtained by digitization of georeferenced aerial photographs (scale 1: 5,000) from the Instituto 
Cartográfico Valenciano (ICV), using the ER-Mapper® and CartaLinx® software. Nineteen land uses were selected as 
more recognizable at the spatial scale of aerial photography and some of them represent available habitat types for the 
woodpigeon (Belda et al., 2011). Coverings obtained were exported to ArcGIS® and Idrisi Andes® formats in order 
to create the GIS database and obtain thematic maps (thermotype, ombroclimate and urbanization). Therefore, the 
cartographic database had the following variables: land use (source: the authors) and the field census (lineal transects). 
The percentage of each land use was calculated (see categories in Tab. I) for each census buffer (10 ha) and home 
range (274 and 995 ha, see Haynes et al., 2003), in different annual periods. The variables “dune beaches” and “forced 
crops” were excluded from analysis because they were not present in the transect areas. The calculation was carried out 
using the ArcView module and X Tool defaults. 
The main landscape indices (n = 11) used were selected as independent variables (Tab. I) according to similar 
wildlife studies (Jiménez-García et al., 2006; Belda et al., 2011). The analysis of landscape structure calculation 
consisted in a series of landscape measures (diversity, edge and shape), following McGarigal et al. (2002), using 
ArcMap module and tool v.1.1 V-late (Tab. I). These measures were also taken for each of the census buffers and home 
ranges in their respective annual periods. 
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tabLE I
Land use variables and landscape indices and their corresponding encoding
Landuses Landscape indices
(More details in McGarigal et al., 2002)
code Category code Category code Category
urb Urban LabsEc cereals sHdI Shannon’s diversity index
pIndEn Dense pine forest FrutrEg Irrigated fruit dom dominance
pIncL Clear pine forest HuErrEg Irrigated crop sHEI Shannon’s evenness index
EncIn Olm oak abndrEc Recent abandonment Ed Edge density
IncEnd Recent burned abndant Old abandonment tE Total edge
matarb Forested scrubland HumEd Wetland mpE Mean patch edge
matdEn Dense scrubland vIÑrEg Irrigated vineyard msI Mean shape index
matcL Clear scrubland vIascom paved roads mFract Mean fractal dimension
rIpar riparian np Number of patches
FrutsEc Dry fruit rIcH richness
vIÑsEc dry vineyard mpar mean perimeter area ratio
statIstIcaL dEsIgn and modELLIng
Bivariate analysis
Because neither the woodpigeon annual density nor average densities for the three studied periods conformed to 
normal distribution, we decided to use nonparametric statistical analysis. We used the Kruskal-Wallis test to compare 
woodpigeon densities among different categories of environmental gradients and landscape matrices, and the annual 
periods surveyed. When differences appeared statistically significant (P < 0.05), post hoc comparisons using the Mann-
Whitney U-test were used. These statistical tests above were carried out using SPSS v.15.0®.
Multiple linear regression
A multiple linear regression analysis was carried out to predict the values of pigeon densities (dependent variable), 
given a set of explanatory variables (landscape indices and land uses) This technique helped to test the influence of 
landscape on animal distribution, in order to search for best predictive models (Mac Nally, 2000). This regression 
was used because we assume that dependent variable was directly related to a linear combination of the explanatory 
variables. 
Multicollinearity has been tested by performing a linear regression of each explanatory variable against the other 
and checking the model coefficient of determination. In all cases it has gone because the coefficients were high (> 
0.7). As there was multicollinearity, we had to use the regression method, using the “step” and “stepback” commands, 
computing the data analysis with R software (2.15.1 version). 
rEsuLts
dEnsIty In annuaL cycLE
Densities of pigeons significantly vary between 3 annual periods (Kruskal-Wallis test, 
χ² = 23.23 df = 2, P = 0.000). These differences were significant from February to March 
(0.34 ± 0.47 birds/10ha) and May-June (1.06 ± 0.75 birds/10ha) (Mann-Whitney test, Z =- 4.89, 
P = 0.000) and from February-March and September-October (1.28 ± 2.41 birds/10ha) (Mann-
Whitney test, Z =- 2.80, P = 0.005).
EnvIronmEntaL gradIEnts and LandscapE matrIX
The annual average density calculated for every level of the different environmental gra-
dients separately (thermotypes, ombrotypes, urban density and landscape matrix) did not differ 
significantly. Ombrotype is the variable that has more effect in the woodpigeons densities 
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(Kruskal-Wallis test, χ² = 3.890, df = 2, P = 0.143) and also the dominant landscape matrix 
(Kruskal-Wallis test, χ² = 4.927, df = 3, P = 0.177), because their P-values are nearer of the 
level of significance (0.05) than other gradients.
Analysis of gradients (Fig. 2) for the period from February to March showed signifi-
cant differences in densities for the landscape matrix (Kruskal-Wallis test, χ² = 9.151, df = 3, 
P = 0.027). The post hoc analysis showed that differences were between shrubland post-aban-
donment areas (0.19 ± 0.27 birds/10ha) and pine forest (0.56 ± 0.33 birds/10ha) (Mann-Whit-
ney test, Z = – 2.54, P = 0.011). May-June densities did not have significant differences. Wood-
pigeon densities in September-October period showed significant differences (Kruskal-Wallis 
test, χ² = 6.682, df = 2, P = 0.035) in the ombrotype gradient. Upper semiarid ombrotype (SAS) 
(0.31 ± 0, 69 birds/10ha) and lower dry (SEI) (1.87 ± 3.13 birds/10ha) revealed significant 
differences in the post hoc analysis (Mann-Whitney test, Z = 38.5, P = 0.014). Moreover, 
upper semiarid (SAS) and upper dry (SES) (0.83 ± 0.59 birds/10ha) had significant differences 
(Mann-Whitney test, Z = 17.5, P = 0.026). 
Figure 2.—Average densities of woodpigeons in the annual periods depending on the dominant environmental gradient 
and landscape matrix with confidence intervals at 95%. Thermotype: supramediterranean (Supram), mesomediterranean 
(Mesom) and thermomediterranean (Thermom). Ombrotype: upper semiarid (SAS), lower bottom (SEI) and upper dry 
(SES).
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Land usEs
Woodpigeon densities for transects (10 ha) in the multiple linear regression analysis 
showed significant negative relation with irrigated fruit (FRUTREG, P < 0.01) and non signi-
ficant with clear scrubland (MATCL, P > 0.05). The dense pine forest (PINDEN, P < 0.01) 
and dense scrubland (MATDEN, P < 0.05) showed a relation coefficient that was positive and 
significant, and clear pine forest variable was very close (PINCL, P > 0.05). For analysis of 
the scale of home range (274 ha) no significant effect was found (P > 0.05), although the clear 
scrubland (MATCL, P > 0.05) and riparian (RIPAR, P > 0.05) variables were very close. The 
irrigated fruit (FRUTREG, P < 0.05) at home range (995 ha) showed a positive effect with 
woodpigeon densities (Tab. II). 
tabLE II
Multiple linear regression model of woodpigeon density and land uses at different spatial scales (10,274 and 995 ha). 
The statistical model includes the selected variables of landuses and coefficients: estimate, standard error, t value 
and statistical significance (P). Signif.codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1. Finally, it appears the model 
result with the residual standard error, degrees of freedom, multiple R-squared, adjusted R-squared, F-statistic and 
p-value
spatialscale method results
10 step
Coefficients
Estimate std. Error t value P(>|t|)
(Intercept) 0.341310 0.106730 3.198 0.00299**
pIndEn 0.009696 0.003212 3.019 0.00478**
pIncL 0.005184 0.003472 1.493 0.14470
matdEn 0.009916 0.004831 2.053 0.04785*
matcL -0.013623 0.009517 -1.431 0.16143
FrutrEg -0.008506 0.003039 -2.799 0.00840**
---
Residual standard error: 0.3385 on 43 degrees of freedom
Multiple R-squared: 0.4721 Adjusted R-squared: 0.3945
F-statistic: 6.082 on 5 and 43 DF, p-value: 4e-04***
274 step
Coefficients
Estimate std. Error t value P(>|t|)
(Intercept) 0.38979 0.40091 0.972 0.3369
matcL 0.02743 0.01751 1.567 0.1253
rIpar 0.24015 0.13154 1.826 0.0756
---
Residual standard error: 1.317 on 43 degrees of freedom
Multiple R-squared: 0.1179 Adjusted R-squared: 0.0726
F-statistic: 2.606 on 2 and 43 dF, p-value: 0.08666
995 step
Coefficients
Estimate std. Error t value P(>|t|)
(Intercept) 0.221747 0.114934 1.929 0.0608
FrutrEg 0.023063 0.009689 2.380 0.0222*
---
Residual standard error: 0.5501 on 43 degrees of freedom
Multiple R-squared: 0.1241 Adjusted R-squared: 0.1022
F-statistic: 5.665 on 1 and 43 DF, p-value: 0.02216*
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LandscapE mosaIc structurE 
Landscape indices had significant effects in woodpigeon densities (P < 0.01) at census 
scale (10 ha). The density of woodpigeon showed significant positive relation with rich-
ness index (RICH, P < 0.05). Shannon’s diversity (SHDI, P < 0.001) and dominance (DOM, 
P < 0.01) indices had a negative effect in the woodpigeon distribution at census scale. For 
analysis of the scale of home range (274 ha) no significant relation was found (P > 0.05), 
although the Edge Density variable had positive effect (ED, P < 0.05), total edge showed nega-
tive relation (TE, P < 0.05) and Mean Patch Edge (MPE, P > 0.05) was very close. Shannon’s 
diversity (SHDI, P < 0.05) and dominance (DOM, P < 0.05) indices showed a negative relation 
and relative richness (RICH, P < 0.05) had positive effect with woodpigeon densities at home 
range (995 ha) (Tab. III). 
dIscussIon
dEnsIty In pErIods
The highest density values for the woodpigeon are in May-June and September-October 
and the lowest is in February-March. These results are consistent with other studies of the 
Iberian Peninsula, where winter densities were much lower than summer (Diaz et al., 1998). It 
is possible that wintering birds belong to the more sedentary native Iberian populations. That 
some from these populations move towards the southwestern quadrant would explain the den-
sity reductions (bea et al., 2003). Moreover, the origin of the decrease in abundance could be 
attributed to migration, hunting and winter mortality (Urios et al., 1991). In a study conducted 
in England (Murton et al., 1964) it was estimated that 22 % of adults die from September to 
February, compared to 77 % of juveniles. The natural winter mortality rate is very small, with 
a value of 0.8 % in Spain (Purroy et al., 1988). In our study, we estimated a population decline 
of 73.4 %, based on the differences between the average densities in September-October (1.28 
birds/10 ha) compared to February-March (0.34 birds/10 ha). Then, if we assume a natural 
mortality rate of 0.8 % for this population, the mortality from hunting could be quite high, 
taking place from October to late February (Urios et al., 1991). The mean hunted density in our 
study area is 0.57 birds/10 ha (Belda et al., 2011), and this explain about 60 % of this seasonal 
population decrease. Another reason that could explain the population decline might be winter 
intranational migration (Gallego, 1985).
The highest density values obtained correspond to periods from September to October, 
coinciding with the end of the breeding period. The breeding season in Iberian populations, 
although variable depending on the area, is from late March to early September (Gallego, 
1981). The annual mean density (0.61 birds/10 ha) for our area falls within the range for the 
Iberian forests (0.5 to 2 birds/10 ha) (Fernández & Bea, 2004).
EnvIronmEntaL gradIEnts
The highest density observed in areas with mesomediterranean thermotype is different to 
other studies, where the highest densities (20 birds/10 ha) were in the thermomediterranean 
areas (Purroy, 1997). Woodpigeon densities do not show significant differences for any of the 
periods, nor for the annual average in the gradient of urban density, although there is greater 
woodpigeon density in the intermediate zones compared to the coast and interior. The study 
area is located on the coast of the Mediterranean, where the touristic boom has led to more 
surface being developed (Blondel et al., 1999). The lowest density found in the coastal area, in 
relation to the intermediate and interior zones, could be attributed to this development pressure 
in the coastal strip.
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tabLE III
Multiple linear regression model of woodpigeon density and landscape indices at different spatial scales (10,274 
and 995 ha). The statistical model includes the selected variables of landscape indices and coefficients: estimate, 
standard error, t value and statistical significance (P). Signif.codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1. 
Finally, it appears the model result with the residual standard error, degrees of freedom, multiple R-squared, adjusted 
R-squared, F-statistic and p-value
spatialscale method results
10 Stepback
Coefficients
Estimate std. Error t value P(>|t|)
(Intercept) 2.16522 0.45819 4.726 3.46e-05 ***
richness 0.15901 0.06114 2.601 0.01341 * 
shannon diversity -1.62451 0.42976 -3.780 0.00057 ***
dominance -1.22146 0.40315 -3.030 0.00451 ** 
---
Residual standard error: 0.3767 on 43 degrees of freedom
Multiple R-squared: 0.3077 Adjusted R-squared: 0.25
F-statistic: 4.619 on 3 and 43 DF, p-value: 0.00751**
274 step
Coefficients
Estimate std. Error t value P(>|t|)
(Intercept) -8.519e-01 1.147e+00  -0.743 0.4623 
EdgeDensityED  1.157e-02 4.883e-03 2.370 0.0233 *
TotalEdgeTE -2.921e-05 1.431e-05 -2.041 0.0486 *
MeanPatchEdgeMPE 8.140e-04 5.326e-04 1.528  0.1351 
---
Residual standard error: 0.6147 on 43 degrees of freedom
Multiple R-squared: 0.1431 Adjusted R-squared: 0.0717 
F-statistic: 2.005 on 2 and 43 DF, p-value: 0.1307
995 Stepback
Coefficients
Estimate std. Error t value P(>|t|)
(Intercept) 39.6833 17.3980 2.281 0.0282 *
rel.richness  0.4172 0.1643 2540 0.0153 *
shannon diversity -24.5976 10.3724 -2.371  0.0229 *
dominance -24.6216 10.4536 -2.355 0.0238 *
---
Residual standard error: 0.4209 on 43 degrees of freedom
Multiple R-squared: 0.2672 Adjusted R-squared: 0.2093 
F-statistic: 5.665 on 1 and 43 DF, p-value: 0.02216*
LandscapE InFLuEncE
The natural landscape matrix, with pine forest and scrublands, has the highest bird density 
(1.53 birds/10 ha) for the three-year periods of study, although it is only significant for Februa-
ry-March. These natural areas are open places where the woodpigeons find food and monitor 
the presence of predators (Bang et al., 2005), as well as having trees and high bushes to hide 
in. For the other types of matrix, note that in September-October there is greater density in the 
dryland farming areas. The low and variable density found in irrigated areas for the different 
periods studied, may be related to the fact that the woodpigeons just visit this type of matrix 
as foraging habitat. 
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Dense pine forest and clear pine forest showed a positive regression coefficient. Also, the 
mean density matrix of natural areas was the highest of all the factors studied. However, this 
species has increased its colonization of crop areas and some urban areas in recent decades 
(alonso et al., 1979). This pigeon also behaves as an edge species (Heraldo & Brotons, 2002), 
looking for food in open places, but escaping to forests when disturbed by predators. 
Other studies which have analyzed the effect on urban wild pigeon densities in adjacent 
natural zones also found this negative relationship. These studies argue that the wild pigeon, 
using cultivated land and forest, will inevitably be affected by the urbanization of any of these 
habitats and this should have a clearly negative influence for this species (Heraldo & Brotons, 
2002). The result supports the idea that the installation of urban and suburban populations in 
Spain, although designated since the 1970’s, nowadays seems widespread (Diaz et al., 1994), 
due to the reduction of the natural habitats (Slater, 2001).
The inclusion of the irrigated fruit variable in the regression model with significant nega-
tive correlation with the density of pigeons assumes that this type of tree crop is not a suitable 
matrix for this species from the forest. This negative relationship may be aggravated by the 
process of agricultural intensification in the study area, where inter-basin water transfers pro-
mote intensive development of new irrigation projects (Zapata et al., 1999). This enhancement 
involves a large number of changes in crop management to increase production, including the 
massive use of chemical pesticides, mechanization and monoculture. There are also structural 
changes that cause the elimination of edges, patches of trees and rafts, and other structures 
associated with traditional agriculture (McLaughlin, 1995). The negative effect of these habitat 
changes could be accentuated because these crops are highly aggregated spatially in the study 
area, which would reduce the low structural complexity. However, the models constructed 
with this type of spatially structured variables may have the same validity (Farfan et al., 2009) 
as those where spatial autocorrelation is explicitly considered (Dormann, 2007). The spatial 
variables could reveal some geographical trends in distribution, which are related to historical 
events or migrations and are outside management scope (Peiró & Blanc, 2011).
The dominance index of landscape has been included as a predictor in the regression 
model at the same level of census and home range (995) as irrigated fruit, both with negative 
regression coefficients. This would indicate that areas with the largest percentage of irrigated 
land show higher levels of dominance, and have lower densities of woodpigeon.
The negative correlations of pigeon density with the variables of agricultural abandonment 
could be related to the process of ecological succession that takes place in these areas. Thus, 
semi-arid conditions mean that forest is not representative of the last stages of succession. 
Dense shrub cover is not a suitable habitat for this pigeon, because the vegetation structure pre-
cludes them from foraging on the ground (Urios et al., 1991). This argument was supported by 
the inclusion of the dense thicket variable regression model (density from February to March 
at 995 ha) as a predictor with a negative regression coefficient.
The land uses affect the woodpigeon detectabilitiy due to the structural heterogeneity 
of landscape composition that supposes changes in the detection probabilities across seasons 
and habitats (Boulinier et al., 1998). Thus, a possible bias in this study is not considering the 
detectability in the sampling and statistical design. 
concLusIons
In this study we recognize and assess the relationship between woodpigeon density and 
different environmental gradients, land use and landscape structure. Geographic information 
systems and statistical analysis techniques, including multivariate modelling, have been used to 
manage and test environmental relationships in a coastal area of the Alicante province (Spain). 
We conclude that woodpigeon density is mainly related to the natural landscape matrix in the 
mesomediterranean thermotype at Mediterranean regional scale. In a seasonal context, dry 
ombrotype has a positive influence on post-reproductive period (summer) and the irrigated 
fruit on pre-reproductive (winter) populations at home range scale. Shannon’s diversity and 
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dominance landscape indices show a negative effect and relative richness has a positive effect 
on pre-reproductive densities at home range. In a broader general scope, this project will ena-
ble more precise knowledge of the ecological factors (habitat variables) that intervene in the 
distribution of woodpigeon populations and their density. Thus, these conclusions can be used 
to improve management and conservation of the species in areas of the dry Mediterranean 
environment. Finally, it is very important to conserve the traditional landscapes with adequate 
management strategies in order to prevent biodiversity loss.
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